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State of the Art SolutionsState of the Art Solutions

Magnetic Design of a 4.16 kV/1 MW Medium Voltage PV Plus Storage 
Solid State Transformer (PVS-SST)

Magnetic Design of a 4.16 kV/1 MW Medium Voltage PV Plus Storage 
Solid State Transformer (PVS-SST)

A Novel MFT Insulation/Cooling StructureA Novel MFT Insulation/Cooling Structure

Characterization of Partial Discharge in MFT Characterization of Partial Discharge in MFT 
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1500V PV Panels

900V Energy Storage

Medium Voltage 

Distribution Grid

Medium-VoltageMulti-port

PV + Storage Solid State Transformer, PVS-SST

Multi-function

MPPT Energy Storage

Fast Frequency Response

Reactive Power Support Micro-grid

Other Grid Forming Functionalities

DOE DE-EE0008348 Award Amount: $3 million, PI: Dr. Alex Q. Huang

M4 I nverter
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üHigh Power

     Power Rating: P >50 kW

üMedium Frequency 

Operating Frequency:

     100 kHz > f > 1 kHz

üCore Materials:

ÁAmorphous

ÁFerrite

ÁNanocrystalline

ÁAir 

üCooling Methods: 

ÁLiquid cooling

ÁHeatsink cooling

ÁAir cooling 
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üEfficiency: 

system expectations

üPower density: 

volume/weight limitations

üThermal management:

materials limitations

     

ü Insulation design

Increasing electric 

insulation/reliability 

requirements

* Applied voltage insulation test. ** Partial discharge insulation test.

Ç Challenges
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Map of MFTs (frequency and power density)
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Magnetic Design of a 4.16 kV/1 MW Medium Voltage PV 

Plus Storage Solid State Transformer (PVS-SST)
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× MFT design optimization flowchart

× Efficiency versus maximum electric field of feasible 

MFTs according to the proposed design methodology

ü Target:

Á High efficiency

Á High power density

Á Superior insulation & thermal

ü Boundary conditions:

Á Magnetic core dimension limitation

Á Electrical insulation requirements

Á Thermal limitation

Z. Guo , R. Yu, W. Xu, X. Feng and A. Q. Huang, "Design and Optimization of a 200-kW Medium-Frequency Transformer for Medium-Voltage SiC PV Inverters," in IEEE Transactions on 

Power Electronics, vol. 36, no. 9, pp. 10548-10560, Sept. 2021.

Ç Optimization Methodology

System Requirements

Winding Loss Calculation

Core Loss Calculation

Insulation Evaluation

Thermal Evaluation

Magnetic Core

Bsat, pcm,Ae,lm...

Litz Wire

Rdc,W,H,Vins

Insulation Material

Ў, k,Eb
A

B

C

D

E

F

Np,Ns,da,db,

P,Vs , Vp ,Is, Ip,  f , Vins, Lr,T, 

Winding Structure Selection

Free Parameters

Separate, Parallel , Concentric, Parallel-concentric

Optimal Design MFT

Predesign

Preliminary

Design

Optimal

Design

 f=[10,15ŀ.50]kHz

System Efficiency 

Optimization 

Optimization Engine

 f=[10,15ŀ.50]kHz

 f=[10,15ŀ.50]kHz
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× 3D printed two layers bobbin design

× Fluid thermal simulation of cooling structures @200kW × MFT efficiency & temperature× Steady state thermal network

Ç Cooling Design


